Environmental appraisals of transport infrastructure plans are generally conducted in situations where there will be a step change, or an abrupt change, in noise exposure. While there has been a number of studies of response to step changes in exposure, and seven previous reviews of subsets of these studies, understanding of human response to a change in noise exposure remains limited. Building largely on these previous reviews, this paper examines the evidence that when noise exposure is changed, subjective reaction may not change in the way that would be predicted from steady-state exposure-response relationships. The weight of evidence, while not incontrovertible, is that when exposure changes, responses show an excess response compared to responses predicted from steady-state exposure-response relationships. That is, there is a change effect in addition to an exposure effect-at least for road studies and at least where the change in exposure results from changes at the source. Further, there appears to be little, if any, adaptation of this excess response with time.
I. INTRODUCTION
Step changes in transport noise occur in situations where ͑a͒ new roads and railways are constructed or existing ones closed; ͑b͒ there are major increases or decreases in road, rail, or air traffic; ͑c͒ noise mitigation measures are implemented in high noise environments; ͑d͒ new airport runways are constructed or existing ones closed; ͑e͒ there is a major change in the mix of road vehicle types, trucks, in particular; and where ͑f͒ there is a major rearrangements of flight paths.
These are always significant changes as far as the community, and authorities, are concerned, and a prediction of the response of the community to that change is an important part of assessment of the proposed changes.
Conventional wisdom is that human response to a step change to transport noise should be able to be predicted from exposure-response curves derived from studies where human response has been assessed over a range of noise conditions. In the past 30 years, many studies have established exposureresponse relationships for transport noise. Schultz ͑1978͒ and Fidell et al. ͑1991͒ presented synthesized curves for all such surveys for which noise exposure ͑as DNL͒ and the percentage of highly annoyed persons were available. Miedema and Vos ͑1998͒ more recently provided synthesized curves separately for aircraft, road traffic, and railway noise, adding the results of some newer studies to the data used by Schultz ͑1978͒ and Fidell et al. ͑1991͒ . This synthesis also established confidence limits on the estimate of human response to transport noise exposure ͑Miedema and Oudshoorn, 2001͒. The EC working group on health effects of environmental noise recommended ͑EC/DG ENV, 2002͒ the relationships presented by Miedema and Oudshoorn ͑2001͒ for estimating noise annoyance based on the noise exposure of dwellings.
However, the majority of human response measurements used in these syntheses is likely to have been conducted at sites at which the prevailing noise environment had changed little over preceding years, although we have not confirmed this by examining original site selection methodologies. Further, although again without access to sample selection methodologies, common procedures used in exposure-response studies would have been for respondents who had not been resident for a considerable period, say, a year, to be excluded from the samples, with researchers selecting these to comprise only those respondents chronically exposed to the particular noise dose of the dwellings sampled. Exposureresponse curves derived from these studies thus reflect human response to noise in situations of steady-state, constant, or unchanging noise exposure. 1 These same curves are now used extensively, in noise impact assessments, to estimate likely response of a population experiencing a change in noise exposure. The interest in this paper is whether these steady-state exposure-response relationships estimate human response to a change.
There is continuing interest in response to change ͑Ano-tec Consulting, 2003; Huybregts, 2003; Guski, 2004; Van Kempen and van Kamp, 2005; Klaeboe et al., 2006͒ . Driving much of this interest is the predicted growth in land and surface traffic, the new infrastructure to accommodate this growth, and community response and health effects associ-ated with these changes ͑for example, Egan et al., 2003͒. There is rapid growth in traffic at regional airports, and new runways are being planned at major EU airports such as Frankfurt, Schiphol and Heathrow, and throughout Asia.
There is now a number of studies that have examined human response where there has been a step change, or abrupt change, in noise exposure. The results suggest, although not invariably, that response may be different where there has been an increase or decrease in level, to that predicted from steady-state curves. In other words, human response to change in exposure may include a change effect as well as an exposure effect and the change effect manifests itself as an excess response.
Previously, excess response has been described by various terms such as exaggerated response ͑Huybregts, 2003͒, over-reaction ͑Fields, 1993 Job, 1988; Schreckenberg and Meis, 2007; Breugelmans et al., 2007͒, or overshoot ͑Guski, 2004͒. Lambert et al. ͑1998͒ used the term new infrastructure effect. However, in the psychological literature, overreaction is defined as an exaggerated response or a reaction with unnecessary or inappropriate force, emotional display, or violence. We suggest that terms that carry such connotations be abandoned in favor of the more neutral excess response, replacing all of the above.
2 Kastka et al. ͑1995a͒ and Baughan and Huddart ͑1993͒ previously used a related term, excess effects. There are also a few reports in the change literature where the opposite of excess response has been observed, and while it is not a completely satisfactory antonym to excess response, we suggest that these observations be described as an under response to change in exposure.
This paper reviews the literature of studies of human response in situations where the level of transportation noise has changed. Past overviews, individual studies, and more recent results were examined, and we summarize in this paper the weight of evidence available on the existence, magnitude, and persistence of the change effect. In a companion paper ͑Brown and van Kamp, 2009͒, we examine the range of explanations that have been suggested for the excessresponse phenomenon.
II. THE CHANGE LITERATURE
We examined the scattered, but growing, literature on human response to a change in noise exposure. Some 140 papers were located in a search of the literature, 1980-2006, including Psycinfo, Toxline, Embase, Medline, SciSearch, Biosis, and  Enviroline. The search profile included keyword͑s͒, in title and or abstract, related to noise, change, sensitivity, annoyance, and (over-) reaction. In addition, titles were selected from previous reviews of response to change and Internoise Proceedings ͑1985-2007͒. From the initial list, a selection process excluded studies where the noise source was not transport ͑road, air, or rail͒, the subjects were specific groups ͑e.g., the hearing impaired͒, the sounds were highly specific ͑e.g., sonic booms͒, or where there was no observed change in noise levels. Outcome measures were restricted to dissatisfaction, annoyance, nuisance, and activity interference/disturbance, or sleep indicators; studies of performance ͑e.g., in schools͒ were excluded. Laboratory studies were also excluded, as were studies that reported change in exposure but without reporting response.
Many investigations were reported in more than one paper; multiple studies were sometimes reported in a single paper; and several were re-analyzed and re-reported by several authors. We have chosen not to separate out these matters, but include in the tables below a set of some 40 papers which contain within them the body of studies and prior reviews on human response to a step-change in transport noise exposure over the past 3 decades.
III. THE STUDIES

A. Summary of the studies
Tables I and II provide an overview of the studies located. Over 20 papers ͑Table I͒ involved a decrement in exposure, more than 10 an increment in exposure ͑Table II͒, and 7 include both increments and decrements. Within the tables, studies have been ordered chronologically and it can be seen that there has been modest, though consistent, interest in the field over more than 3 decades. The tables contain a simple summary of the nature of the change in exposure ͑cause of the change and approximate magnitude of the change in level when reported͒ and the survey design-most involving before and after surveys, some also including control sites. The tables also indicate, where available, select observations on measured change effects: excess response or otherwise in community response to change, and adaptation of any excess response over time, although of course the observations from most studies are far more complex than what is able to be shown in this table. They show diverse and sometimes conflicting findings in the various studies.
The search of the change literature found seven prior reviews of these studies of change. Several were particularly detailed in their examination of work to date and provide an excellent foundation for examining the change literature. Most of these had, however, appeared only in the gray literature, and it is appropriate, given their limited dissemination, to summarize the key outcomes of the prior reviews below, then updating these with the findings of more recent studies where possible. The tables show the individual studies included in each of the earlier reviews.
B. Some characteristics of change studies
The studies involved road, air, and rail sources, although not equally, with well over half involving changes in road traffic noise levels, and about one-quarter air transport sources and the rest rail. Residents' responses to noise were those that occurred in their dwellings, although several of the more recent studies included additional responses outdoors.
Type of change
A step, or abrupt, change in noise exposure may occur through three different mechanisms. Type 1 changes result from a new or eliminated source, or change in intensity of the source. The majority of the studies ͑all of the air studies͒ were Type 1, resulting from changes in traffic flow rates, road bypass construction, or change in runway configura- tions. Type 2 changes result from some ͑usually noise path͒ mitigation intervention. In Type 2 changes, there are no changes in the transport source flow rates or source noise emissions, just in exposure of the respondents. All of the Type 2 studies involved barriers, mostly along roads-one along a railway. Over three quarters of all change studies were Type 1. There could also be a Type 3 change in which an individual may relocate from one dwelling to another that has a different noise exposure. While this, equally, is a stepchange in noise exposure, this type of change was not reported in any of the studies reviewed, though it might usefully be included in future studies seeking to investigate the nature of human response to change.
The change in noise exposure
Dimensions of the change in exposure include the direction of the change-increase or decrease, the magnitude of the change, and whether the change is a step change ͑say, from one day to the next͒ or whether it is gradual, and if gradual the rate of change-over several weeks, or over, say, a year. Some noise exposure changes may be temporary ͑such as shutting a runway for maintenance͒ whereas others are "permanent." Some studies of gradual and of temporary change are included in the studies in Tables I and II, but the majority was step changes.
Different studies used quite different noise metrics, but always those conventionally used to describe noise exposure from the particular transport sources. Indicative changes in level, to the extent that these can be summarized from the original studies, are shown in Tables I and II , with changes reported in decibels, irrespective of the specific noise metric used ͓in line with the approach suggested by Fields ͑1990͔͒. Many of the studies involved substantial change ͑5 dB or more͒, though some reported considerably less change, even purporting to be studies of change when accompanied by small changes of 2 dB or less. Part of the conflicting results from different studies of change may result from bundling together the results of studies in which the change in level has been large, and others where the change has been minimal and potentially non-noticeable by respondents.
Measures of response
The subset of the literature chosen was that reporting outcomes in terms of dissatisfaction, annoyance, and activity interference ͑disturbance͒ including self-reported sleep disturbance measures. The majority of change studies focused on self-reported annoyance/dissatisfaction. Given that most of the studies were conducted before the development of the ISO standard on measuring annoyance ͑ISO, 2001͒, they contain different approaches, scales, and measures in the reporting of human response.
Study designs
Some change studies have been cross-sectional, comparing results at change sites to those at control sites or against general exposure-response curves. However, most are longitudinal, involving either simple before and after designs, where exposure and response are measured at two points of time, or periodically over a much longer period out to several years after the change. Not all studies have been able to undertake measurements before the change occurred and retrospective assessments ͑recall͒ of prior situations have occasionally been utilized, as have assessment of respondent's expectation of the post-change situation.
The contexts
There are various contexts in which changes in noise occur. In addition to the major distinction between Type 1 and Type 2 changes, important contextual dimensions include the following: whether respondents knew the change to be permanent or temporary; whether the change occurred with, or immediately following, periods of intensive construction activities; the reason for the noise change; and the activities and attitudes of the authorities responsible for the change. Some noise changes, for example, may occur in contexts in which the authorities are seen to attempt to manage, minimize, or explain the change; others may occur without such interventions. Change situations may also involve community concern or protests over the matters which generated the change in noise exposure. These contextual matters are not examined further in the current paper, but are considered in a review of explanations postulated for the change effect ͑Brown and van Kamp, 2009͒.
IV. PREVIOUS REVIEWS OF CHANGE STUDIES
The seven prior reviews were conducted by Fields ͑1994͒, Vallet ͑1996͒, Horonjeff and Robert ͑1997͒, Schuemer and Schreckenberg ͑2000͒, Stansfeld et al. ͑2001͒, Fields et al.. ͑2000͒ and Huybregts ͑2003͒ . Purpose, methodology, and comprehensiveness of these reviews varied.
Fields ͑1994͒ conducted a meta-analysis on 282 studies of community reaction to environmental noise, examining the effect of personal and what he called situational variables on reported effects of noise. A subset of these studies involved a change in noise exposure. Fields ͑1994͒ tested specific hypotheses: whether a new noise or a change in noise impacted annoyance more than would be predicted from reactions to a familiar, existing noise ͑excess response͒ and whether annoyance decreased as the time since an increase in noise level lengthened ͑adaptation of the change effect͒. His results are shown in Tables III and IV. In Table III , change in exposure was present in 14 of the studies he reviewed ͑for which there were 19 researcher findings included in the analysis͒. Of the 19 findings, 8 concerned airports.
Fields ͑1994͒ concluded, from the studies he reviewed, that the evidence was too unevenly divided to indicate whether changes in noise cause excess response to the change. While excess response was observed in 42% of the findings ͑32% of responses͒, under response was observed in 11% ͑34% of the responses͒, with the remainder showing no important difference. When the analysis included only standard surveys, the majority ͑some 60% of findings and responses͒ indicated excess response. The studies included increases in exposure as well as decreases, and Fields ͑1994͒ separately examined these, concluding that there was not a clear pattern distinguishing between the results where there were increments or decrements in noise exposures.
Following a change in noise exposure, the meta-analysis also found mixed evidence as to whether the levels of annoyance with the new levels of exposure decreased ͑adapted͒ over time. Table IV shows that while 43% of findings ͑49% of the response͒ show such adaptation, 43% of findings ͑13% of the responses͒ showed the opposite-annoyance increased over time since the change-and the remainder showed no increase or decrease.
Vallet ͑1996͒ did not undertake a similar systematic review of studies of change, instead making a series of observations, mostly from airport noise studies, on the effects of change and the methodology of change studies. Our paraphrasing of his observations is as follows.
• Annoyance shows some inertness to the physical change in levels both for gradual change ͑gradual increase as traffic loads increased or gradual decrease as noise emission levels of individual aircraft decreased͒ and for step changes such as new airports or runways. He suggested, though on what evidence is unclear, that a minimum of 6 dBA L eq of the noise exposure is necessary before there is a change in the annoyance level.
• Physiological measures showed a larger and quicker response to the change than did annoyance, where there was a time delay in a decrease in annoyance ͑at Los Angeles͒ and a clear excess response to new aircraft noise ͑in Paris͒.
• Non-acoustical variables such as fear, noise sensitivity, attitudes toward the source, belief that authorities could prevent or reduce the noise, and advertising campaigns all influence the noise response and need to be investigated in change studies.
Horonjeff and Robert ͑1997͒ undertook an extensive review, building largely on the work of Fields ͑1994͒, identifying 23 change studies in 51 citations, covering road ͑12 studies͒, rail ͑2͒, and air ͑9͒ transport sources. The purpose of their review was as precursor to the design of further studies to develop a predictive model for the effect of change in noise exposure around airports, and included a detailed examination of the purpose, methodology, results, and limitations in the studies conducted to that time. Of particular interest was their synthesis of the magnitude of any change effect measured in the studies they reviewed. Such a synthesis required them to make approximations ͑described in the original paper͒ to overcome the difficulties presented by different acoustic measures, response scales, and available baseline 3 responses from which to estimate the change effect.
This analysis by Horonjeff and Robert ͑1997͒ is a pivotal review as it contains quantitative estimates of excess response in the change studies. We report their analysis of excess response below, and add newer data to it from studies conducted since their review. The Horonjeff and Robert ͑1997͒ synthesis was in terms of a decibel-equivalent estimate ͑see Fields, 1990͒ of the magnitude of the change effect-what they called the abrupt-change effect. The decibel-equivalent change effect is the change, in decibels, on the exposure-response curve, ad- Nonstandard studies were those which the author had classified as having some methodological weakness. ditional to the before to after change in exposure, which would predict the change in response between the before and after conditions. Their synthesis is shown in Fig. 1 ͓which included adjusting the baseline used in one study: the 14-Site Traffic study of Baughan and Huddart ͑1993͔͒. Figure 1 shows the change in exposure on the horizontal axis ͑Ϫ18 dB decreases to +15 dB increases͒ and the decibelequivalent change effect on the vertical axis. In the words of Horonjeff and Robert ͑1997͒: Data points that lie along the horizontal axis ͑0 dBEquivalent change effect͒ indicate cases in which the baseline dose-response curve for the study correctly estimates the change in annoyance: no abrupt change in effect was observed.… Data points in the first and third quadrants … indicate cases in which there was an abrupt-change effect, and the effect resulted in a change in annoyance greater than that predicted from the baseline curve. Figure 1 shows that much of the data falls into the first and third quadrants, that is, the majority of results support the existence of an excess-response change effect. There are no data points representing a strong under response, while there are large excess responses to small level changes of 1-2 dB. Results from more recent studies ͑see Sec. V below͒ are also plotted in this figure.
Horonjeff and Robert ͑1997͒ also found that nine studies designed to measure the decay of the excess response generally failed to find evidence of decay, that is, there was little evidence of adaptation or habituation of the change effect. Most first post-change interviews were conducted 3-7 months after the change ͑one at 0.5 months, and one at 12 months͒, with last post-change interviews conducted 16-96 months after the change. There is no supporting evidence that excess response attenuates with time.
Horonjeff and Robert ͑1997͒ drew an extensive set of conclusions with respect to methodology for change studies-among which is that it is critical that change studies need to be longitudinal as it is difficult to base any conclusions about change on cross-sectional studies. They also noted the need for site-specific baseline exposure-response curves and for accounting for the possible influence of mediating variables ͑such as the specific neighborhood, demographic variables, attitudes, and expectations of the respondents concerning the noise source͒.
Schuemer and Schreckenberg ͑2000͒ reviewed 14 of what they termed exemplary studies on step changes in transport noise. They concluded the following.
• In ten studies an excess response to change in noise levels was confirmed-for both incremental and decremental noise changes.
• There was no evidence of adaptation of the excess response.
• The authors also noted that the characterization of a change as before and after may be simplistic, identifying that most situations are more likely to have several different before situations ͑for example, before announcement, after announcement, and construction͒ and after situations ͑immediately upon change, days or weeks after, and years after͒.
Fields et al. ͑2000͒ reported a rigorous analysis of previous studies and reviews of change that was aimed at developing tools to design further studies to estimate the stepchange effect in community response to a change in noise levels, particularly for airports. They made a large number of recommendations and observations, and only a selection of these is reported here.
• Several previous studies of changes in noise environments have been conducted where the changes in exposure were too small to have a reasonable probability of being detected ͑e.g., Fidell et al., 1985 and Gjestland et al., 1990͒. They suggested that almost nothing can be learnt about the effects of change unless those changes involve considerable changes in noise exposure; • Permanent changes are likely to produce different reactions to temporary changes ͓for example, temporary runway closure for repairs ͑Fidell et al., 1985͒ and short-term military exercises ͑Gjestland et al., 1995͔͒.
• Response to changes in source levels may be quite different to change effects generated by path attenuation ͑house insulation or barrier construction͒; • Other mediating variables that affect annoyance can be spatially or temporally correlated with the noise change and can distort measures of the effect of change. Both cross-sectional studies and longitudinal studies have problems in isolating the change effect, with longitudinal studies preferred utilizing repeat measures of the same subjects, though with the need to control for the correlated variables to the maximum extent possible.
• Evidence is presented, on the basis of reanalysis of existing studies, that panel studies increase the precision of estimates of differences in responses between two points of time, and that panel studies do not appear to introduce survey-resurvey bias, particularly if repeat surveys are at least 1 month apart. However, they noted there is a lack of consistency in this result among some of the surveys analyzed, and they suggested that panel studies should be strengthened by the addition of non-panel respondents in the repeat surveys.
The Stansfeld et al. ͑2001͒ review was prepared to provide evidence to inform a rapid prospective Health Impact Assessment for the Mayor of London's Ambient Noise Strategy. The report focused on non-auditory health impacts, causal pathways to explain health effects, and interventions that can improve health. Change studies were briefly reviewed in the context of a section dealing with interventions, but no specific mention was made of excess response or adaptation. The authors' conclusions with respect to annoyance and sleep disturbance were as follows.
• The literature on intervention studies is sparse.
• Intervention studies were of variable quality.
• Intervention such as noise barriers and reduction of road traffic noise levels at source by approximately 10 dBA seem to decrease levels of annoyance in communities exposed to road traffic.
• Relatively few community studies assessing the impact of noise reduction on sleep have been conducted. Those studies that have been carried out with a reduction between 6 and 14 dBA resulted in both subjective and objective improvements in sleep.
Huybregts ͑2003͒ reviewed seven previous studies of change in railway noise and concluded that there is no reason to doubt that, similar to other forms of transport noise, there is an excess response ͑he termed it an exaggerated community response͒ when railway noise exposure changes, though he suggested further work is needed to understand both magnitude and duration of the change effect.
V. MORE RECENT CHANGE STUDIES
A range of field studies of change has been conducted since the various reviews ͑see Tables I and II͒ and show similar diversity in study designs, and results as found in the earlier studies. Inclusion of some of the results from these later studies in the previous syntheses is possible.
Decibel-equivalent magnitudes of the change effect have been able to be estimated by the current authors by applying the same methodology used by Horonjeff and Robert ͑1997͒. These are included in Fig. 1 . Two of the seven sites in the study Fidell et al. ͑2002͒ of change in aircraft noise levels experienced sufficient increase in exposure to allow decibelequivalent change effects to be estimated ͓we used the FI-CON ͑1992͒ exposure-response curve to estimate the change effect from the reported data͔. Nilsson and Berglund ͑2006͒ and Öhrström ͑2004͒ reported studies of decrease in road traffic noise exposure, the first from the placement of a barrier, and the second from a reduction in traffic flow. These authors suggested that there was no excess response to the change indoors, but our reanalysis ͓using the Miedema and Oudshoorn ͑2001͒ and Miedema and Vos ͑1998͒ exposureresponse curves respectively͔ suggests that there was a large change effect at three of the "sites" ͑actually three "distance from road categories"-change in noise exposure of more distant categories could not be estimated from the paper͒ in the barrier study and at the one site in the traffic reduction study. Kastka et al. ͑1995a͒ revisited the barrier sites reported previously ͑Kastka and Paulsen, 1979͒, reporting new data and readjusting their steady-state exposure-response baseline. Kastka et al. ͑1995a͒ examined residents' responses in 1988 Kastka et al. ͑1995a͒ examined residents' responses in and 1976 to barriers that had been constructed after the first survey. We have calculated decibel-equivalent changes at their seven barrier sites ͑using their noise disturbance score and their before exposure-response relationship- Table 10 in Kastka et al. ͑1995a͒ -and these have also been shown in Fig. 1 . At five of the sites, there is a small excess response, but an under response, one large, at two sites.
A recent longitudinal study of response to noise around Schiphol Airport incorporates the most comprehensive and purpose-designed study of change to date, though detailed results are not yet widely reported ͑Ministry of Transport, Public Works and Water Management, 2005͒. Surveys of effects of aircraft noise exposure were conducted around Schiphol in 1996 , 2002 , and 2005 A new runway at the airport was opened in February 2003, and a panel of 640 persons, whose exposure was likely to change as a result of the new runway, was selected from the 2002 survey group. This panel was resurveyed annually over the 2 1/2 years following the change, with half of the panel surveyed in northern hemisphere springs and half in autumns, giving six data points subsequent to the change ͑Breugel-mans et al., 2007͒. In total, 478 respondents completed four panel interviews, one before the change and three after the change. The panel was made up of three subgroups: one experiencing an increase in exposure, one a decrease, and one as control experiencing negligible change. Results from the first ͑before change͒ panel round were used to derive a baseline exposure-response relationship based on noise exposure ͑L den ͒ over the previous 12 months.
Breugelmans et al. ͑2007͒ reported significant excess response for the subgroup experiencing the increase in exposure. Decibel-equivalent change effects have been estimated by the current authors based on the before-change exposureresponse relationship, and the trajectory of excess response for this subgroup over the six repeats is shown in Fig. 1 . Excess response was observed from the second round of surveys and continued throughout the study. There was a drop in the penultimate round but a return to large excessresponse in the latest round. The subgroup experiencing the decrease in exposure, and the control group experiencing negligible change, did not exhibit excess response in any of the survey rounds.
This study was particularly notable in that, together with post-change longitudinal measurement of annoyance ͑and sleep disturbance and self-reported change in general health͒, longitudinal measurements were also made on a wide range of non-acoustical factors including living satisfaction, noise sensitivity, expectations about the airport, neighborhood quality and future noise levels, fear of aircraft crashes, and negative attitudes toward the airport. A generalized linear mixed model analysis found that the excess response was not diminished significantly when adjusted for all of the nonacoustic factors. The findings suggest that the change effect was driven primarily by the change in noise exposure.
Overall, these more recent studies show magnitudes of change effect excess response ͑Fig. 1͒ in line with those reported in the original synthesis by Horonjeff and Robert ͑1997͒.
Klaeboe et al. ͑1998͒ also reported an excess response, with a decibel-equivalent change effect of 5-8 dB resulting from an area-wide reduction in noise exposure ͑and a reduction in other factors such as air pollution exposure͒ from traffic reductions affecting a whole town area in Oslo from 1987 to 1994/96. This result was the aggregate across all exposure levels ͑50-75L eq,24 h , particularly those less than 70L eq,24 h ͒ but the results cannot be included in Fig. 1 as changes in noise exposure at individual sites were not reported.
Other observations from the more recent change studies include suggestions that expectation of increased annoyance had a noticeable effect on the level of annoyance before noise countermeasures were realized ͑Öhrström, 1997; Schreckenberg et al., 2001͒ ; a bypass achieving a mean reduction in noise of 2-4 dB produced no noticeable change in annoyance ͑Stansfeld et al., 2001͒ and suggestions that adaptation occurs soon after changes in noise exposure ͑Hat-field et al., 2001͒.
VI. DISCUSSION
A. Excess response to change
Airport studies and studies of gradual change in exposure
As already noted by Horonjeff and Robert ͑1997͒, the results for the airport studies were, in general, quite different to those for the road studies. With the exception of our estimate of large excess response in the studies by Fidell et al. ͑2002͒ and by Breugelmans et al. ͑2007͒ , the change effect in the airport studies was very small-in some cases, an under response-compared to the predominance of excess response in the road studies. While this may demonstrate a difference in response to change between aircraft noise and roadway noise, another, and perhaps more obvious, explanation is that the difference may be an artifact of the nature of the particular noise changes that occurred at most of the airports studied.
Horonjeff and Robert ͑1997͒ also noted that most of the airport studies they reviewed either involved temporary changes in noise exposures ͑Fidell et al., 1985; Raw and Griffiths, 1985; Gjestland et al., 1995͒ or , 1975; Fidell et al., 1985͒. Some airport change studies ͑Fidell et al., 1996 Kastka et al., 1995b͒ and some road change studies ͑Stans-feld et al., 2001͒ also had the acoustic characteristic of a gradual change in noise exposure. As Fields et al. ͑2000͒ previously noted, these are very different situations to where there is an abrupt or step change in exposure.
In summary, because of the potentially confounding effect of the limited magnitude and different nature of the changes that occurred in the various airport studies for which data are available, it would be inappropriate to draw conclusions from these studies about response to change around airports. Further studies involving change at airports that do not have these constraints ͓as, for example, the Schiphol study reported by Breugelmans et al. ͑2007͒ and will be necessary to examine whether there might be any difference between response to change for different transport modes. The same applies for situations, for any mode, for where there has been a gradual change in exposure as against a step-change.
Type 2 changes
Studies of both Type 1 and Type 2 changes were included in the reviews, and there is some evidence that people may respond differently in Type 2 changes, reporting less response and little or no change effect ͑Griffiths and Raw, 1986͒. Langdon and Griffiths ͑1982͒ re-examined the results of Kastka and Paulsen's ͑1979͒ longitudinal study of barriers and found under response, explaining this as due to the differential effect of noise reductions by barriers rather than reductions of the noise source. However, as noted above, using the new data for these sites from Kastka et al. ͑1995a͒ , there was a small excess response at the majority of the sites ͑see Fig. 1͒ but an under response at two sites. Vincent and Champelovier ͑1993͒ reported that noise annoyance shows only a small reduction for a 9 dB drop of noise levels resulting from barrier construction at their one site, though, in fact, the reduction in percent highly annoyed appears generally in line with expected reductions from steady-state exposureresponse curves, that is, no excess response. No excess response to change was also suggested in the longitudinal study by Lambert ͑1978͒ of the effect of a single barrier. While Nilsson and Berglund ͑2006͒ reported no excess response in a barrier study, re-analysis by the current authors ͑Sec. V above͒ suggests that there was. Baughan and Huddart ͑1993͒ also noted that the change effect may not be present in Type 2 changes While Fields et al. ͑2000͒ concluded that studies aimed at evaluating the effect of noise-shielding interventions ͑bar-riers, double glazing͒ rarely lead to findings of an excess response, evidence of the presence and direction of change effects in Type 2 studies to date is ambiguous. A reasonable conclusion at this stage is that the results of Type 1 and Type 2 studies should be separated in any future analysis of change studies given the mixed evidence above regarding excess response in Type 2 studies.
Type 1 road changes
Given the conclusions above regarding airport change studies, and Type 2 change studies, it is reasonable to examine a specific subset of the studies-those where the source was road traffic and where the nature of the change in exposure was Type 1 changes. Figure 2 shows the same data set as Fig. 1 , but deletes aircraft noise studies and Type 2 road studies where the noise exposure change occurred through modification of the transmission path-usually by the installation of barriers. The remaining studies are those where the change in noise exposure has resulted from changes in the road source itself-the construction of new roads, either as new sources or providing traffic relief on existing roads-or some other change in traffic flow. The weight of evidence from this subset of field studies is that there is an excess-response change effect in annoyance responses for these changes in noise exposure. All available studies demonstrate, with remarkable consistency, an excess response in situations of both increments and decrements of noise exposure: respondents whose noise exposure has increased report more annoyance than expected from steady-state studies; respondents whose noise exposure has decreased report less annoyance than expected from steady-state studies. The effect is present even for quite small changes in noise exposure.
The broken line shown in Fig. 2 is not a line of best-fit as we have chosen not to suggest a predictive relationship between noise change and its associated change effect from the studies reviewed-given the differences between the studies in terms of metrics and designs, and the approximations necessary to estimate the change effect from the data reported in them. The broken line indicates where the magnitude of the change effect is equal to the magnitude of the change in exposure. Figure 2 clearly shows that, in road studies with Type 1 changes, the excess-response change effect ͑decible-equivalent͒ tends to be greater ͑often much greater͒ than the change in noise level exposure itself.
Annoyance versus activity interference in change responses
The results reported in Fig. 2 are for annoyance responses. Several authors have found, or suggest, that activity interferences ͑speech interference, closing windows, etc.͒ may not display the same level of excess response as do annoyance measures when noise exposure changes. Kastka et al. ͑1995a͒ found that interference effects of noise did not show the same change effects that were observed in annoyance scores in their longitudinal study of the effect of noise reduction by barriers. Klaeboe et al. ͑1998͒ also provided evidence from their road traffic reduction study in Oslo that, while there was a significant excessresponse change effect for traffic noise annoyance, there was no similar systematic change effect in the reporting of disturbances/inconveniences from road traffic noise. Babisch and Gebhardt ͑1986͒ reported that there was no excess response to a reduction of some 11 dB in road traffic noise levels in inner city Berlin, 1.5 years after the change, as their result did not deviate from steady-state response data collected in Hamburg. However, as Klaeboe et al. ͑1998͒ pointed out, this study had measured changes in interference activities only, not annoyance, and such a result is in line with the findings above of no observed excess response in activity interference. Breugelmans et al. ͑2007͒ also found no excess response in sleep disturbance, despite a large excess response in annoyance. However, Öhrström ͑2004͒ reported good correlations between reductions in annoyance scores and reductions in activity disturbances in her longitudinal study of a large decrease in road traffic noise exposure.
B. Adaptation after the change
Only a small number of recent studies contributed data tracking respondents' reactions for an extended period after the change. Griffiths and Raw ͑1987, 1989͒ extended a previous longitudinal study of response to reduced traffic noise ͑Griffiths and Raw, 1986͒. They found that some 40% of the large excess response to change they had originally measured 2 years after the reduction was still present 7-9 years after the change. Moehler et al. ͑1997͒ showed that annoyance reductions achieved by noise reductions through rail grinding still persisted in a third survey, 12 months after the initial survey following the noise reductions. Klaeboe et al. ͑1998͒ reported similar exposure-response curves at two time periods ͑2 years apart͒, after area-wide improvements had reduced exposure, indicating persistence of the excessresponse change effect. In the longitudinal study at Schiphol airport, Breugelmans et al. ͑2007͒ reported no sustained adaptation in excess response to increased exposure over 2 1/2 years after the change. There is thus no evidence from recent work to alter the conclusions reached by Horonjeff and Robert ͑1997͒, in their review of nine longitudinal studies, that there is little evidence that excess response attenuates within several years of the change.
VII. CONCLUSIONS
Studies of human response to a change in noise exposure over 3 decades have produced results which suggest that hu- man response to change is not in line with what would be expected from steady-state exposure-response curves. Building on previous syntheses of change studies, this review concludes that a change effect of excess response to a stepchange in road traffic noise occurs in addition to the exposure effect. This occurs in noise annoyance responses though not in activity interference responses. Consistent evidence of a similar change effect for aircraft noise and railway noise changes is lacking but, rather than this indicating that human response to change is different between different transportation noise sources, we suggest that this may be a result of the nature of the noise changes available in most aircraft and railway noise change studies to date: generally small, gradual, or temporary.
A change effect is unequivocally present in the results of the road traffic noise studies where the intensity of the road traffic source changes through changes in traffic volume on the source roads ͑Type 1 changes͒. For these types of change situations, the decibel-equivalent magnitude of the excess responses ͑both the excess benefit arising from reductions in exposure and the excess disbenefits arising from increases in exposure͒ can be greater, often much greater, than the change in noise levels itself. For changes resulting from the insertion of barriers or other path mitigation interventions ͑Type II changes͒, the evidence for a change effect is not clear. The excess-response change effect does not appear to attenuate over time-even years after the change.
Further studies of change are required as many of the studies of change reviewed have been characterized by weak or inappropriate designs. The difficulty, of course, is to find "natural laboratories" where such change research can be conducted. It will only be through the careful design of change studies that it will be possible to unravel, and explain, this phenomenon, and provide decision makers with practical and quantitative advice on community response to changes in noise exposure. The presence, magnitude, and persistence of the excess response warrants consideration of a change effect in assessing the impact of infrastructure changes and in policy making with respect to such changes.
1
While we refer to exposure-response relationships derived under these conditions as steady state curves, there is a caveat to this descriptor. We observe later in this paper that change effects are persistent; hence any previous change in exposure at a site should continue to influence the response of those long-term residents who had experienced the change, and thus be "mixed" with the response of other residents at the site who had moved in since any change in exposure. We examine some limited evidence on the differential response of long-term residents and newcomers in Brown and van Kamp ͑2009͒.
2
While we use the preferred term excess response throughout this paper, where we are reviewing the work and results of other authors, it is often more appropriate to use the terminology they have adopted; most often over-reaction.
